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^ !>rSs ^^^^^^^^ COMPRISING THYLAKOIDS USEFUL IN TOE MODULATION OF THE INFLAMMATION 

0«!L'Il*'?l^'*' '"'''f''?. of a thylakoid extract that is preferably stabilized and activable for treating inflam- 

^ 1th - n "^""^ inflammatory stimuli have been used to evaluate the perfomiance of the extract. 

> K '^^^f^^y"]^i^^^^ inHammation through a balance of pixVanti-inflammatory cytokines. Compositions com- 

^ pnsmg the extract and other and -inflammatory agents, namely glucocorticoids or NSAIDs are further disclosed and claimed 
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TITLE OF THE INVENTION 

Compositions comprising thylakoids useful In the modulation of the inflammation 
process 

5 FIELD OF THE INVENTION 

The invention relates to the use of compositions comprising 
thylakoids, In specific formulations that ensure the integrity and stability of said 
thylakoids. to regulate or Inhibit inflammation, through their modulating activity on 
physical and biochemical parameters of inflammation, particularly cytokines 
10 involved in the inflammation process. 

BACKGROUND OF THE INVENTION 

Inflammation is a process well known for its implication in 
acute and chronic diseases and disorders In tiie biomedical field. Altiiough 

15 inflammation is a natural process associated with cell and tissue defense and 
regeneration, disorganized inflammation can contribute to (or is implicated in) 
many processes that are hannful to cells and tissues. 

Inflammation is ttie body's reaction to infectious agents, 
antigen challenge or physical, chemical or traumatic injury (Stvrtinova et al., 

20 1 995). The main purpose of inflammation is to bring fluids, proteins, and cells from 
the blood into the damaged tissues. The main features of tiie inflammatory 
response are (i) vasodilation (widening of the blood vessels to increase blood 
flow); (ii) increased vascular penneability tiiat allows diffusible components to 
enter ttie tissues; (iii) cellular infiltration by chemotaxic, or directed movement of 

26 infiammatory cells tiirough tiie walls of blood vessels into ttie site of injury; (iv) 
changes in biosyntiietic, metabolic, and catabolic profiles of ttie affected tissues; 
and (v) activation of cells of ttie immune system as well as enzymatic systems of 
the blood plasma. 

In general, the -inflammation response Is quite efficient in 
30 managing and repairing damages induced by injury or infectious agent. The 
degree to which fliese phenomena occur is nomially proportional to tfie severity of 
tiie injury or ttie extent of the challenge. However, inflammatton can become 
hamnfiil to tissues when It develops in a disorganized, disproportionate or 
undeslred manner and can lead to diseases and disorders. 
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The acute Inflammation response Is short lasting and involves 
all of the previously mentioned features of Inflammation. Acute Inflammation, when 
It proceeds in a disorganized fashion, can cause many harmful effects such as the 
digestion/destruction of nomrial tissues, excessive swelling that may lead to 
5 obstruction of blood flow, resulting in ischemia damage, hypersensitive reaction to 
non threatening entities (e.g. allergens), etc. 

The chronic inflammation reaction may be seen as a long- 
lasting Inflammation, where the inflammatory agent is continually present. In this 
context, chronic inflammation is essentially observed under conditions of delayed 
10 hypersensitivity. However, chronic inflammation may be seen is cases where the 
inflammatory agent Is not continuously present, as is the case of in asthma, 
arthritis or Inflammatory bowel disease, and It may also be related to neurological 
or genetic disorders. In this case, one or more inflammatory components 
contribute to the etiology and perpetuation of Inflammation. 

The process of inflammation is driven and modulated by a 
complex Interplay between products of the plasma enzyme systems, lipid 
mediators (arachidonic add metabolites such as prostaglandins and leukotrienes), 
vasoactive mediators released fi^om inflammatory cells, and, in particular, 
cytokines. 

2° Prostaglandins (derived from eicosanoic essential fatty acids) 

are produced during an Inflammatory response by inflammation-related 
biochemical patiiways and are responsible for mediating the clinical 
manifestations characteristic of Inflammation. The major source for the production 
of inflammation-related prostaglandins Is arachWonic acid. Arachidonic acid can 

25 be metabolized by one of two cyclo-oxygenases (COX-1 or COX-2) producing 
Inflammatory metabolites. The increased production of pro-inflammatory 
metabolites in inflamed tissues is due to the specific up-ragulation of COX-2 
(fVlaier et al., 1990). The increased expression of COX-2 during an Inflammatory 
response is believed to be induced (In part) by exposure to bacterial endotoxins 

30 and/or the release of pro-inflammatory cytokines (Isakson, 1995; Raz et al., 1989; 
O'Suliivan et al., 1992), although other materials may Increase expression of 
COX-2 as well. 

In contrast, COX-1 Is constitutively expressed In most tissues 
and has been proposed to be involved in the maintenance of physiological 
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functions such as platelet aggregation, cytoprotection In the stomach, and in part, 
the regulation of normal kidney function (Praslt et al., 1995; Pinto et al., 1995; 
Whittle etal.. 1980). 

In addition to the production of pro-inflammatory elcosanoid 
6 metabolites via the cyclo-oxygenase pathways. arachWonic add also serves as 
the source for the production of another class of Inflammation-related metabolites 
produced by a family of related enzymes called lipoxygenases (LOX). In particular, 
5-LOX catalyzes the first step of a biochemical cascade that culminates in the 
biosynthesis of a class of molecules termed leukotrienes (Sirols, 1985). 
10 Leukotrienes have been implicated as Important mediators of inflammatory 
responses, such as anaphylaxis, suggesting that potent inhibitors of 5-LOX would 
provide an approach to limit the deleterious effects of alt the products of this 
pathway. Elevated 15-LOX activity has been associated with conditions such as 
asthma and hypereosinophilia. Selective Inhibition of 5-, 12-, or 15- LOX may 
1 5 provide an agent with a definite therapeutic advantage. 

In addition to prostaglandins and leukotrienes, cytokines also 
play a critical role in the inflammatory response. They are produced at the onset of 
inflammation development and are responsible for the eventual outcome of the 
inflammation process as well as its resolution. When Injury or challenge occurs. 
20 cytokines are released from inflammatory cells (mast cells, basophils, endothelial 
cells, macrophages and neutrophils). The release of many diff'erent cytokines is 
activated during this process including the pro-inflammatory interleukins IL-1, IL-6, 
IL-8, IL-1 2, and tumor necrosis factor (TNF-a). In order to counteract an 
exaggerated inflammation, anti-inflammatory cytokines such as IL-4, IL-10, IL-1 3, 
25 and transfonning growth factor (TGF-p) are also produced. Aitfiough many 
cytokines are involved in the inflammation process, some cytokines have a central 
role in the process and have recenfly been examined as possible targets for anti- 
inflammatory products. 

Acute and chronic inflammation is most often ttBated with 
30 compounds with anti-inflammatory activity. Non-steroidal anti-Inflammatory dmgs 
(NSAIDs) such as aspirin are among tiie most frequenfly used drugs currenfly 
available. Originally, the medicinal utility of classical NSAIDs was suspected to be 
due to their ability to Inhibit ttie activities of COX-1 (Mitchell et al.. 1993; Meade et 
al., 1993). Today, it is recognized'tiiat NSAIDs also have anti-inflammatory activity 
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due to inhibition of COX-2 as well. Other biochemical activities associated with 
NSAIDs include inhibition of inflammatory mediators other than those mentioned 
above (i.e. histamine, serotonin, kinlns), inhibition of oxidative phosphorylation, 
displacement of anti-inflammatory peptides from serum albumin, or displacement 
6 of peptides that hyperpolarize neuronal membranes in inflamed tissue (Foye, 
, 1989). 

The key roles played by arachidonlc acid metabolites 
produced by COX-2 and 5-. 12-. 15-LOX in mediating Inflammatory responses has 
prompted extensive research to identify compounds capable of specifically 
10 Inhibiting the enzymatic activities of COX-2, 5-. 12-, 15-LOX, or more than one 
simultaneously (i.e., dual Inhibitors). Compounds capable of Inhibiting COX-2 (but 
not COX-1) and/or 5-LOX would be of great use as anti-inflammatory agents 
without the ensuing deleterious skle effects common to most non-steroidal anti- 
inflammatory drugs. Alternatively, compounds inhibiting release of arachidonlc 
15 acid or compounds antagonizing pro-Inflammatory cytokines would be of potential 
therapeutic use, whether they are steroidal (SAID), non-steroidal (NSAID), 
cytokine suppressive (CSAID) or other anti-inflammatory drugs. Such inhibitory 
compounds would have great clinical utility in the treatment of such conditions as 
pain, fever, asthma, allergic rhinitis, riieumatoid arthritis, osteoarthritis, gout, adult 
20 respiratory disease syndrome. Inflammatory bowel disease, endotoxic shock, 
Ischemia-induced myocardial injury, atherosclerosis, and brain damage caused by 
stroke. Such Inhibitors could also be used topically for the treatment of acne, 
sunburn, psoriasis, eczema, and related conditions. 

Though anti-inflammatory dmgs are widely used to effectively 
25 ti-eat inflammation, side effects of anti-inflammatory drug use such as steroM 
resistance, high doses, osteoporosis, catabolism of proteins and lipids, 
redisbibution of lipidic masse, etc. are a major concern in medical research and 
drug development. One . approach to alleviate side eflects Is to develop anti- 
inflammatory drug that have specific biochemical targets such as the development 
30 of NSAIDs ttiat inhibit COX-2 (but not COX-1 ). 

Alttiough this strategy if current in terms of research . and 
development of anti-inflammatory drugs, an alternative strategy would be to use 
current anti-Inflammatory drugs in combination with a potentiation agent in order to 
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heighten the efficacy of less effective anti-inflammatory drugs and, potentially, 
lower the dosage rate in order to alleviate some of the side eflects. 

Cytokines play a critical role in the inflammatory response. 
They are produced at the onset of inflammation development and are responsible 
6 for the eventual outcome of the inflammation process as well as its resolution. 
When injury or challenge occurs, cytokines are released from inflammatory cells 
(mast cells, basophils, endothelial cells, macrophages and neutrxjphils). The 
release of many different cytokines is activated during this process including the 
pro-Inflammatory interieukins IL-1. IL-6, IL-8, IL-12, and tumor necrosis factor 
10 (TNF-a). In order to counteract an exaggerated inflammation, anti-inflammatory 
cytokines such as IL-4. IL-10, IL-1 3, and transfomiing growth factor (TGF-p) are 
also produced. 

Pro- to anti-inflammatory cytokines will detennine the 
eventual outcome of inflammation by their relative proportions, their affinities, and 

15 their interactions. IVIore accurately, an appropriate balance and interaction of pro- 
to anti-inflammatory cytokines will modulate the inflammation process in order to 
deal with the injury or challenge in the most efficient manner. In oixler to limit or 
prevent the damaging efl'ects of inflammation, the immune system Is normally well 
equipped with methods to regulate the balance of pro- and anti-Inflammatory 

20 cytokines. However, many diseases or disorders will occur when the injured tissue 
is unable to create this appropriate cytokine balance and Interaction (Feghali and 
Wright. 1997). The onset of the inflammation process Is, therefore, not attributable 
to a single cytokine. For example, an elevation In pro-Inflammatory cytokines will 
not necessarily cause exaggerated inflammation if it Is accompanied by an 

25 elevation In anti-inflammatory cytokine levels. 

Although many cytokines are involved In the inflammation 
process, some cytokines have a central role In the process and have recently 
been examined as possible targets for antWnflammatory products. For example, 
the pro-Inflammatory cytokine TNF-a has been cleariy established as playing a 

30 pivotal role In many chronic inflammatory diseases and has been targeted for such 
therapies as monoclonal antibodies, soluble TNF-a receptors, TNF-converting 
enzyme, and other anti-TNF-a therapies (Lewis and Manning, 1999). 
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The anti-inflammatory cytokine IL-10 also plays a critical role 
in the inflammation process to down-regulate the acute inflammation response. 
Because of this property, IL-10 has been actively studied as a ttierapeutic means 
of controlling inflammatfon related diseases ttirough gene ttierapy (Lewis and 
5 Manning, 1999; Sacca et al., 1997). 

A thylakoid extract tiiat has anti-oxWant properties, as 
described in ttie patent publication WO01/49305 has been tested for its capacity 
as a modulator of cytokines, and in combination with other anti-inflammatofy 
agents. This extoact is provided in ttie fonn of specific formulations that ensure the 
10 Integrity and stability ttiereof. To simplify terminology, ttie temis "thylakolds". 
"ttiylakold extracf . and "extract" are used herelnbelow and are meant to cover all 
the specific formulations comprising ttiylakolds. 

TNF-a and IL-10 have been selected as preferred examples 
of cytokines that are systematically involved In inflammation, notwittistanding the 
15 nature of the causative agent or tiie nature of tfie tissue or system. 

There is an increasing body of literature suggesting that these 
two cytokines are involved in the expression of inflammatory diseases and 
disorders exemplified but not limited to those affecting the following tissues: 
Skin: psoriasis (Reich et al., 2001), cutaneous inflammation (Berg et al., 1995), 
20 atopic dennatitis (Lee et al., 2000); 

Brain: encephalitis (Deckert et al., 2001); 

Gastrointestinal tract: inflammatory bowel disease (Gasche et al., 2000), 
Crohn's disease (Narula et al.. 1998), colitis (MoriguchI et al., 1999); 
Eye: infected cornea (Yan et al., 2001); 
25 Lung: hypersensitivity pneumonitis (Gudmundsson et al.. 1998), chronic lung 
inflammation (Jones et al., 1996); 

Multiorgan: ischemia-reperfusion injury (Daemen et al.. 1999); 

Autoimmune disease: rheumatoid arthritis (Main! et al.. 1997; van Roon et al., 

1996); and 

30 Hyper-reactlvlty: asthma (Thomas. 2001). 

The state of ttie art and ttie availability of a perfbnning and 
stabilized ttiylakold extract prompted the present inventors to test the extiact 
dgainst IL-10 and/or TNF-a expresston. 
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Besides the capacity of affecting cytokines expression, the 
complementarity of the thylakold extract with other anti-inflammatory agents has 
i>een investigated. 

5 SUMUflARY OF THE INVENTION 

The present Invention relates to the use of a ttiylakold extract, In 
nutraceutical. cosmeceutical. and phannaceutical applications, in the modulation 
of tiie inflammatory process and, particularly, of the expression of cytokines 
Involved In the Inflammatory response, which can cause diseases or disorders 
10 stemming from disorganized, disproportionate or undesirable inflammatory 
response. 

This inventfon more specifically relates to the use of a thylakold 
extract as an efficient and long-lasting modulator of botii pro- and anti*- 
inflammatory (^okines. 

"•^ ' More precisely, tiie Invention relates to the use of a thylakold 

extract In tiie regulation of pro-inflammatory cytokines such as TNF-a and anti- 
inflammatory cytokines such as IL-10, as well as tiie relative proportions (balance) 
between tiiese two cytokines. 

Another object of the invention is to provide compositions 
20 comprising thylakoids and an anti-inflammatory agent. Preferred embodiments of 
anti-Inflammatory agents are glucocorticoids or NSAIDs, examples of which are 
budesonlde and mesalamine, respectively. 

Other objects, advantages and features of tiie present invention 
will become more apparent upon reading of the following non restiictive 
25 description of prefen-ed embodiments tiiereof, given by way of example only witii 
reference to the accompanying drawings. 

The contents of the documents cited in tiie present disciosuie are 
incorporated by reference thereto. 

30 DETAILED DESCRIPTION OF THE INVENTION 

The tfiylakoid extinct is an active extract obtained from 
photosynttietic organisms, which has tiie ability to modulate tiie Inflammatory 
process and. particularly, to modulate Inflammatory cytokines and/or tiielr balance 
in tissues submitted to stresses that Induce an Inflammatory response. In 
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particular, the thylakoid extract has demonstrated its competence in the 
modulation of the pro-inflammatory cytolclne TNF-<x and the anti-inflammatory 
cytokine iL-10, thus providing protection against the damages caused by the 
inflammatory response or, converseiy. Increasing an immune response to improve 
5 the body's reaction against a danger (such as a tumor or an Intaider) or a stress 
agent. 

The thylakoid extract of the present invention is described in 
patent publication WO01/49305. This extract is defined as one obtained by a 
process comprising the steps of: 

"•0 a) providing a suspension of photosynthetic organism constituents 

that contain thylakoMs; 

b) disrupting the constituents while recovering thylakoids under light 
conditions which minimize light flux, in a medium having a viscosity comprised 
between 1 to 1.3 centipoise and a pH above 2 and below 10; the medium being 

15 added in a volume calculated upon the following equation: 

(Volume of medium + organism constituents water content) 

— > 10, preferably 25-100. 

Organism constituents dry weight 

whereby a first extract essentially constituted of thylakoids, cells 
20 debris / membranes, and a liquid phase Is obtained, said thylakoids comprising 
oiganized photosynthetic pigments in their fundamental state; 

c) separating thylakoids. cell debris / membranes and liquid phase 
from each another, to fbnn a second, third and fourth extracts essentially constituted 
by isolated thylakoMs, cell debris / membranes, and a HqukJ phase, respectively; and 

25 d) eliminating any ele(^ron donor from ttie first, second and thinl 

extracts so as to stabilize ttie photosyntfietic pigments In tfieir fundamental state. 

In this process, tiie pH is preferably comprised between 5 and 8, namely between 6 
and 7,5. 

The organism is preferably a plant. 

30 The suspension of step si) is obtained by mechanically dispersing 

plant constituents or tissues in said medium. 
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The step a) is preceded by a step of submitting a plant to a 
conditioning parameter selected from light, osmotic stress, heat, cold, freezing, 
dryness, hormones, chemical and biological Inducers. Preferably, the step of 
conditioning is a light environment of a wavelength comprised between about 500 
5 and 600 nm, and step b) is perfomied under the same light conditions. 

In the process, the viscosity is partly achieved by adding a sugar 
in the medium. Sorbitol Is such a sugar that has been used In a concentration of 
about 0.2 to 1.5 M In the medium. Any other sugar achieving a viscosity 
equivalent to 0.2 to 1.5 M sorbitol Is contemplated. The sorbitol concentration that 
1 0 has been particularly preferred is 0.2 to 0.4 M. 

The medium namely has the following composition: Tris or 
acetate or ascorbate buffer (20 mM) having a pH of 7.5 or sorbitol or sucrose or 
fructose 350 mM. 

In the process, the step of separating is performed upon a 
15 difference of sedimentation coefficient of each of thylakoids, cell debris and 
membranes, and liquid phase. 

This step of separating namely comprises centrifuging the first 
extract in a tube equipped with a filter in a superior portion of the tube, the filter 
having a porosity onto which cell debris and membranes deposit while the 
20 thylakoids and the liquid phase pass through the filter, the thylakoids fomiing a 
pellet in an Inferior portion of the tube. 

The electron donor which is withdrawn at the end of the process 

is usually water. 

Water Is eliminated under vacuum freeze drying. 
25 Alternatively, water is eliminated by exchanging it against an 

amphoteric solvent or surfactant after step c). The amphoteric solvent Is preferably 
propylene glycol. 

Perfonning this process results in the obtention of an extract 
comprising purified functional photosynthetic pigments in their thylakold 
30 membrane environment. 

The extract is composed of substantially pure thylakoids free of 
electron donor, the photosynthetic chlorophyll and carotenold pigments thereof 
being stabilized In their integral and fundamental state and ratfo to maximize the 
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absorption and dissipation of energy and to protect the extract against oxidative 
damages. 

The thylalcoid extract is considered as a nfiodulator of cytol<ine 
baiance. Such a baiance involves, on the one hand, pro-inflammatory cytokines 
5 that may comprise TNF-a, and, on the other hand, anti-infiammatory cytokines 
that may comprise IL-IO. A modification of this balance accompanies other 
bfological. biochemical, and/or physiological evidence of inflammation damage 
following stress induced by inflammatory agents such as physical, traumatic or 
infectious agents. 

The thylakold extract is particularty considered to significantly 
prevent or alleviate the damage due to disorganized inflammation through the 
modulation of inflammatory cytokines In favor of ant-inflammatory cytokines. 

The thylakold extract can regulate the inflammatory response 
through the modulation of pro- and anti-inflammatory cytokines at concentrations 
1 5 of 0.00005 to 5%. Generally, topical fonnulations would comprise from 0.1 pg to 1 
mg of extract per cm^ of skin or mucosae. Maximum efRcacy is obtained with 
0.001 to 0.1% thylakoid extract for an applteation of 2 nl per cm^, which provides 
an effective amount of 2 pg to 200 pg of extract per cm^ of surface. Furthemiore, 
systemic fomiulations would comprise flrom 0.00005 to 500 mg of extract per kg of 
20 weight. Maximum eflBcacy is obtained with 0.001 to 0.1% thylakold extract which 
provWes an effective amount of 0.05 to 5 mg of extract per kg of weight. This 
extract is used to prevent or alleviate symptoms of inflammation damage to a 
degree that Is comparable or superior to that of recognized anti-Inflammatory 
therapies/products. 

25 The thylakoid extract can be further combined to other anti- 

Inflammatory agents. The use of the extract In a combined therapy may take 
different fomis (co-applied, co-fomiulated or sequentially administered with one or 
more of the complementary anti-inflammatory agents). Such anti-inflammatory 
agents include but are not limited to molecules such as peptides (bradykinin 

30 antagonists, for example), anti-adhesion molecules (anti-LFA-1 or anti-ICAM-1 
antibodies, for example), anti-Inflammatory extracts of natural (animal (e.g. 
cartilage, milk), plant, microbe, algae, mineral (e.g. zinc, gold) , for example), or 
synthetic origin, immunosuppressants, glucocorticoids, steroids, non-steroidal 
anti-Inflammatory daigs or NSAIDs. cytokine suppressive anti-inflammatory drugs, 
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anti-ischemics, nitric oxide inhibitors, hypoglycemiants, cromoglycate, anfl- 
histaminlcs, adrenergics, xanthins. leucotriene receptor antagonists, protease and 
other enzyme inhibitors (e.g. specific COX-2 and LOX inhibitore. dual LOX/COX 
inhibitors, phospholipase A2 inhibitors, NADPHoxidase Inhibitore. adenosine 
5 kinase inhibitore), septic shock inhibitore. antl-oxidants (vitamins, glutathione ...) 
and nicotine. An Impressive list of compounds can be found in USP 6,407,135 as 
anti-inflammatory candkiates. 

The doses of these anti-inflammatory agents are those known In 
the literature or lower. Such combination may aim at reducing the dose of a drug 
10 that produces undesirable sMe effects, or at Increasing the efficacy of a drug 
without Increasing the severity of the side effects. 

This Invention wilt be described hereinbelow. referring to specific 
embodiments and the appended figures, the purpose thereof being to illustrate 
this Invention rather than to limit its scope. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1. Effect of thylakold extract on cytokine expression (% relative to control) in 
alveolar macrophages when Induced with LPS 

20 Fig. 2. Effect of pretreatment with thylakold extract on IL-10 expression in LPS- 
stimulated alveolar macrophages 

Fig. 3. Effect of post-treatment with thylakold extract on IL-10 expression in LPS- 
stimulated alveolar macrophages 

25 

Fig. 4. Effect of pre-treatment with thylakold extract on TNF-alpha expression in 
LPS-stimulated alveolar macrophages 

Fig. 5. Effects of post-treatment with thylakoid extract on TNF-alpha expression In 
30 LPS-stimulated alveolar macrophages 

Fig. 6. Effect of thylakold extract on the physical parametere of rat ear oedema 
following inflammation Induced by arachldonic acid 
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Fig. 7. Effect of thylakoid extract on the physical parameters of mouse ear 
oedema following inflammation induced by TPA 

Fig. 8. Effect of thylakoid extract on the physical parameters (thickness) of TPA- 
5 induced mouse ear inflammation 



Fig. 9. Effect of thylakoW extract on myeloperoxidase release In TPA-induced 
mouse ear inflammation 

10 Fig. 10. Efliect of thylakoid extract on TNF-a expression in mouse skin following 
inflammation inductton by UV-in-adiatlon 

Fig. 1 1. Effect of intraperitoneal administration of thylakoid extract on weight of rat 
intestine induced by TNBS 

15 

Fig. 12. Effect of thylakoid extract on reducing TNBS-induced colonic damage 

Fig. 13. Effect of thylakoid extract on the physical parameters of DSS-induced 
intestine inflammation 

20 

Fig. 14. Effect of intraperitoneal administratfon of thylakoid extract on rat foot 
oedema induced by carrageenan 

Fig. 15. Efliect of pre-treatment with thylakoid extract and/or budesonide on IL-10 
25 expression in LPS-stimulated alveolar macrophages 

Fig. 16. Effect of post-treatment with thylakoid extract and/or budesonide on IL-10 
expression in LPS-stimulated alveolar macrophages 

30 Fig. 17. PotenUatlon of budesonMe by thylakoid extract on the decrease of 
thickness (oedema) in TPA-induced inflammation of mouse eare 



Fig. 18. Effect of thylakoid extract and mesalamine of the physical parametere 
(weight) of inflamed rat intestine 
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Fig. 19. Effect of the addition of thylakoid extract in the potentiation of mesalamlne 
to reduce TNBS-induced colonic damage 

5 EXAMPLES 

1. Modulation of the inflammatory process and cytokine balance 
A. /n v/frD models: 

Evaluation of thylakoid extract on cytokine production In alveolar macrophages 

The alveolar macrophage is one of the major inflammatory cells 
10 of the lung and plays an important role in a variety of diseases (Crystal, 1991). 
The macrophage protects the lung by regulating inflammatory and immune 
responses through cytokine production. However, these cytokines may also cause 
the tissue injury associated with many inflammatory diseases of the lung (Crystal, 
1991). 

Lipopolysaccharides (LPS), a major component of the outer 
membrane of Gram-negative bacteria is a potent activator of 
monocytes/macrophages that induces production of several cytokines, including 
the pro-inflammatory cytokine tumor necrosis factor (TNF-a) and anti-inflammatory 
cytokine interieukin-10 (IL-10) (Barnes and Lim, 1998). 

20 Inflammatory stimuli activate the transcription of nuclear factor 

kB (NFkB), resulting in tfie increased transcription of many Inflammatory genes 
and the release of inflammatory mediators from macrophages such as TNF-a. The 
same stimuli cause the delayed synthesis of IL-10, which inhibits tiie expression of 
these inflammatory-system genes, thus terminating tiie inflammatory response 

25 (Barnes and Lim, 1998). 

In asthma, a chronic Inflammatory disease of tfie airways, the IL- 
10 signal is reduced, leading to increased, lasting, and more pronounced 
inflammation. 

30 Experiment 1: The use of thylakoid extracts on TNF-a and IL-10 exprBssion in 
alveolar macrophages induced by LPS. 
Protocol 1: 
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Rat alveolar macrophages (cell line NR8383) were treated with 
thylakoid extracts (0%, 0.0006%, 0.003%, and 0.006%) In the presence of 10 
ng/ml LPS for 20 hours. TNF-<x and IL-10 contents were measured using an 
Immunoassay kit for rat TNF-a and IL-10 (BioSources, Camarillo, GA), 

5 

Results: 

TNF-a demonstrated a slight Increase (less than 15%), when 
compared to the control, in all thylakoid concentrations used in this study (Fig. 1). 
IL-10 revealed a significant increase In expression when compared to the control. 
10 IL-10 expression was increased by a minimum of 137% and as much as 162% for 
the 0.0006 and 0.006% thylakoid treatments, respectively (Fig. 1). 

Discussion and conclusions: 

The thylakoid extract has clearly demonstrated its modulation 

15 ability in cytokine expression and balance on alveolar macrophages. The thylakoid 
extract produced a limited increase (less than 15%) of the pro-inflammatory 
cytokine TNF-a while stimulating IL-10 expression greater than 2-fbkl, when 
compared to the control. Overall, these results confinned a shift in cytokine 
balance towards the anti-inflammatory cytokine (IL-10) when compared to TNF-a, 

20 demonstrating Its potential as an inflammation modulator. 

Protocol 2. 

Sprague-Dawley rat alveolar macrophages (cell line NR8383) 
were treated with thylakoW extracts (0%. 0.006%, 0.05%) In both an 18-h pre- and 
25 18-h post-treatment In the presence of 100 ng/ml LPS (Salmonella enteritidis; 
Sigma Chemical Co.) for various time periods (24, 48, and 72 h) at 3T^. IL-10 
and TNF-a levels were measured in cell firee supematants using ELISA kits for 
rats (Pharmlngen, San Diego, CA). 

30 Results 

Results demonstrated that thylakoid extract stimulated the 
release of IL-10 in a dose-dependent manner when given in pre- and post- 
treatment to LPS (Figs 2 and 3). In contrast, TNF-a release was reduced by pre- 
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treatment with thylakold extract (Fig. 4), whereas TNF-<x release was not affected 
by a post treatment (Fig. 5). 

Conclusions 

5 These data suggest that thylakoid extract possesses cytokine 

modulatton properties and has the ability to shift the balance of Inflammatory 
cytokines towards anti-Inflammatory cytokines such as IL-10. 

The above-observed effects on alveolar macrophages lead to the 
assumption that the thylakoid extract is useful to treat a disease or disorder 

10 involving macrophages, or in the making of a medication for such a purpose. By 
simple extrapolation, it is even possible to envisage that a dose capable of 
achieving about 1 pg to 100 mg of the extract per liter of body fluid (plasma, blood, 
extracellular water or total body water content, depending on the distribution) 
could be effective for systemic puiposes. A dose in the milligram range per liter of 

1 5 volume of distribution would be preferred. 

B. In vivo models: 

Evaluation of topical application of thylakoid-comprising cream on physical and 
biochemical parameters of skin inflammation 

20 As previously mentioned, acute inflammation Is associated with 

numerous diseases and disorders. Among these diseases and disorders are skin 
inflammation that produces physiological obsen^able characteristics such as 
redness and oedema, which are accompanied by biochemfcal parametere such 
the regulation of inflammatory cytokines. Recognized means of evaluating acute 

25 inflammation and cytokine regulation are comparative studies involving treatments 
that induce inflammatory sta^ess such as with arachklonic acid, which is a lipkiic 
mediator of the inflammatory response, or phorbol 12-myristate 13-acetate 
(Griswold et al., 1998) or such as with ultraviolet (UV) rays (Brink et al., 2000). 

30 Experiment 2: The ability of the thylakoid extract in reducing or preventing the 
physical signs of inflammation was investigated on rat ears with arachklonic add 
as the inflammation stress inducer. 



Protocol: 
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Male WIstar rats (Charles River laboratories) were kept In 
Individual cages, at 20°C and 55% relative fiumidity with 12-h [ight/12-h dark 
cycle, in a facility that met the Canadian Council on Aninnal Care (CCAC.) 
guidelines. The rats were subjected to an 18-hour starving period prior to 
5 treatments. 

Three groups of rats were treated in the following manner: 
(Treatment 1) No application of cream (n =3); 
(Treatment-2) Neutral base cream (n =3); 

(Treatment-3) Thylakoid extract (0.01 %) in neutral base cream (n = 3). 
"•0 All treatments were applied 16 hours, 8 hours, and 1 hour prior to 

the inflammatory stress (pre-treatment) at a dose of 2 pl/cm^ (20 pg/cm^). 

Following treatment, rat ears were subjected to an Inflammatory 
stress by a topical application of arachidonic acid (Sigma Chemicals Co.). 30 nL of 
arachidonic acid (0.01 mg/jiL) in an acetone solution was applied. The arachWonic 
15 acid solution was reapplied 15 minutes after the initial application (Griswold et al., 
1998). The right ear of each rat was treated with arachidonic ackl whereas the left 
ear served as the unstressed control. 

After one hour, the rats were sacrificed and a punch of 6 mm in 
diameter of both, the left and right ears was sampled. Ear punch thickness was 
20 measured by an electronic digital caliper 0.01 mm (Traceable). 

Results: 

Arachidonic acid application caused an inflammatory effect in rat 
ears that were revealed by the presence of redness and oedema. 

25 Results of oedema parameters indicate that thickness of rat ear 

punches decreased with a preventive application of thylakoid extracts. When 
compared with average ear punch thickness of the thylakoid extract treatment 
(treatment 3), there was an increase of 138.0% of thickness of the non-protected 
ear (Treatment-1) and an 89.6% Increase of ear thickness in the neutral base 

30 cream (Treatment-2) (Fig, 6). 

DIscusston and conclusions: 

The thylakoid extract has an effect on the physical parameters 
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assodated with Inflammation. The thylakoid extract reduces swelling of rat ears. 
Theses results suggest that the thylakoid extract has a protective effect towards 
inflammation. 

5 Experiment 3. Evaluation of thylakoid extract on the physical parameters of 
inflammation of skin inflammation induced vwth TPA. 

Mice (BALB/C) were kept in individual cages, at 20'»C and 55% 
relative humidity with 12-h llght/12-h dark cycle, in a facility that met the Canadian 
Council on Animal Care (C.C.A.C.) guidelines. The animals were subjected to an 
10 1 8-hour starving period prior to treatments. 

Three groups of mice were treated in the following manner: 
(T reatment 1) No application of cream (n =3); 
(Treatment-2) Neutral base cream (n =3); 

(Treatment-3) Thylakoid extract (0.05%) in neutral base cream (n = 3). 
"•S Ail treatments were applied 16 hours. 8 hours, and 1 hour prior to 

the inflammatory stress (pre-treatment) at a dose of 2 pl/cml 

Following treatment, mouse ears were subjected to an 

inflammatory stress by a topical application of phoriix)! 12-myrlstate 13-acetate 

(TPA) (Sigma Chemicals Co.). 20 of TPA (0.2 ng/nL) In an acetone solution 
20 was applied (Griswold et al., 1 998). The right ear of each mouse was treated with 

TPA whereas the left ear served as the unstressed control. 

After one hour, the mice were sacrificed and a punch of 6 mm in 

diameter of both the left and right ears was sampled. Ear punch thickness was 

measured by an electronic digital caliper 0.01 mm (Traceable). 

25 

Results: 

TPA application caused an inflammatory effect In mouse ears 
that were revealed by the presence of redness and oedema. 

Results of oedema parameters Indicate that thickness of mouse 
30 ear punches decreased with a preventive application of thylakoid extracts. When 
compared with the average ear punch of the thylakoid extract treatment 
(Treatment-3), there was a 8-fold increase in thfckness in the neutral base cream 
treatment (Treatment-2) (Fig. 7). 
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Discussion and conclusions: 

Pre-treatment with thylakold extract has an effect on the physical 
parameters associated with inflammation. The thylakoid extract reduces TPA- 
induced swelling of rat ears. 

5 

Experiment 4. Evaluation of thylakoid extract on the physical and biochemical 
parameters of inflammation of skin inflammation induced with TPA in at)sence of 
light 

Mice (BALB/C) were kept In individual cages, at 20°C and 55% 

10 relative humidity with 12-h light/12-h dark cycle, in a facility that met the Canadian 
Council on Animal Care (C.CAC.) guidelines. The mice were subjected to an 18- 
hour starving period prior to treatments. 

Three groups of animals were treated in the following manner 
(Treatment-1 ) No application of cream (n =3); 

15 (Treatment-2) Neutral base cream (n =3); 

(T reatment-3) Thylakoid extract (0.05%) in neutral base cream (n = 3). 

All treatments were applied 4 and 8 hours following the 
inflammatory stress (post-treatment) at a dose of 2 pl/cm^. Animals were kept in 
the dari< for the duration of the treatments. 

20 Prior to treatment, mouse ears were subjected to an 

inflammatory stress by a topical application of phortjol 12-myristate 13-acetate 
(TPA) (Sigma Chemicals Co.). 20 \iL of TPA (0.2 ^g/^L) In an acetone solution 
was applied (Griswold et al., 1998). The right ear of each mouse was treated with 
TPA whereas the left ear served as the unstressed control. 

25 After 24 hours, the mice were sacriflced and a punch of 6 mm In 

diameter of both the left and right ears was sampled. Ear punch thickness was 
measured by an electronic digital caliper 0.01 mm (Traceable). Tissue samples 
were assessed biochemically for the neutrophil mariter enzyme, myeloperoxidase 
(MPO), using the method of Romay et al. (1998). Ear tissue was homogenized, 

30 submitted to 3 cycles of freezing/thawing, and centrifuged (2500 g for 30 min at 
40C) and the resulting supernatant was assayed spectrophotometrically for MPO. 
The change in absorisance at 460 nm was measured. MPO activity data are 
presented as delta of absorbance (degradation of hydroperoxide). 
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Results: 

Results of oedema parameters indicate tiiat tliickness of mouse 
ear punches decreased with post-treatment with thylakold extracts. When 
compared with the average ear punch of the thylakoid extract treatment 
5 (Treatment-3), there was a 26.5% increase In thickness in the neutral base cream 
treatment (Treatment-2) and a 52.8% Increase in the non-treated, stressed control 
(Treatment-1)(Flg. 8). MPO assays revealed that there was a 109.7% Increase In 
MPO release in the non-treated control (Treatment-1) when compared to the 
thylakoid protected treatment (Treatment-3) (Fig. 9). 

10 

Conclusions 

Post-treatment with thylakoid extract has an effect on the 
physical and biochemical parameters associated with Inflammation. The thylakoid 
extract reduces TPA-induced swelling of mouse ears. Furthemiore, thylakoid 
15 extract significantly reduced MPO release, a measure of neutrophil activation, 
demonstrating its ability to decrease the inflammatory response. 

Experiment 5: The ability of the thylakoid extract in reducing or preventing the 
physical and biochemical signs of inflammation was investigated in mouse dorsal 
20 skin with UVA and UVB as the inflammation stress inducer. 
Protocol: 

Hairless mice (5 weeks old) were purchased from Chades River 
Laboratories (Wilmington, MA). Mice were housed at the Animal Facility of the 
Institufe for Biological Sciences (IBS) and maintained under standard conditions 
25 (23±1»C, 42±6% relative humidity. 12:12-h light-dark cyde). Ughts were 
automatically switched on daily at 7AM and switched off daily at 7 PM. Mice were 
fed Purina chow diet (24% protein. 4% fat, and 4.5% fiber) and water ad libitum. 

Mice were randomly assigned into irradiation and treatment 
groups as follows: 

30 Group!: UV-inradiated animals pre-treated with a preparation of topical 
ointment containing the thylakoid extract (n=5). 
Group II: Animals received topical application of the cream containing the 

ttiylakoid extract during UV in^adiation (post-treated) (n=5). 
Group III: UV-in^adiated animals (n=5) treated with the preparation of topical 
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ointment without the thylakoid extract. 
Group IV: Control A: UVHoadiated animals without any topical treatment (n=5). 
Group V: Control B; Non-irradiated animals without any topical treatment 

(n=5). 

5 Mice were treated with 0.1% thylakoid-comprising cream for a 

final application of 2 \iUcm^ (200 [Jiglcm^). 

The mice were placed in a plastic cage without a lid. Two 
Westinghouse FS40 sunlamps (spectral in^adiance: 28O400nm, 80% UVB and 
20% UVA). Black ray ultraviolet meter was used for the measurement of intensity 

10 of light. The fluence at 60 cm from the dorsal surface of the mice was 0.48-0.50 
mJ/cm^. The mice were given a single exposure of 200 mJ UV light/cm^ (acute 
dosage) for 10 min. This approach has been adopted to take into account minor 
differences in UV absorption characteristics (optical density differences) in 290- 
320 nm range that might optically affect UV light irradiation conditions. 

15 After in^adlation treatments, mice were kept under the conditions 

mentioned above for one week. Epidermal observation and photographs were 
taken to assess redness and dryness. 

All the mice from each of the 5 groups were sacrificed. 1cm^ skin 
was then removed from each mouse and kept in liquid nitrogen. Two skin pieces 

20 from each group were ground in liquid nitrogen and the powder was dissolved in 
RlPA buffer containing a cocktail of protease and phosphatase inhibitors. The 
samples were homogenized in a mechanical homogenizer at 4^0 and centrifuged 
at 2500 rpm for 5 min at 4°C. The supematants were used as cytosolic extracts to 
study the expression of various epidermal mariners. 

25 Samples containing 35 (ig total proteins were subjected to 

protein separation by electrophoresis and the proteins were transferred on 
nitrooellulose membranes. Western blots were analyzed following immuno- 
staining with antibodies against TNF-a (rabbit polyclonal antibody; Santa Cruz 
Biotechnology Inc.). 

30 

Results: 

Results of skin initation are summarized in Table 1. Inadiated 
mice with a pre- or post-treatment of the thylakoid extract showed no skin initation 
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or symptoms of inflammation whereas In^diated mice without the extract (with or 
vWthout neutral base cream) exhibited redness and dry skin. 



Table 1. Effect of 0.1% thylaicoid-comprising cream on the physical symptoms of 
5 UV-inradiated mice 



Treatment 


Symptoms 


Pre-treated with thylakoid extract, irradiated 


None 


Post-treated with thylakoid extract, irradiated 


None 


Neutral cream base, irradiated 


Redness and dry skin 


Untreated, irradiated (Control A) 


Redness and dry skin 


Untreated, non irradiated (Control B) 


None 



Following irradiation, TNF-a was less abundant in both pre- and 
post-treated thylakoid extract treatments when compared to the non treated or 
neutral base cream treated mice (Fig. 10). The expression of the pro-inflammatory 
10 cytokine TNF-a In the thylakoid extract treated groups (groups 1 and 2) is similar 
to those of the non-stressed control B, while it was increased by 150.0% and 
185.7% In In^diated skin of animals non treated with the thylakoid extract (group 
3), when compared to the pre- and post-treatments with thylakoid extract, 
respectively. 

15 

Discussion and conclusions: 

The thylakoid extract protected the animals from UV In^diation 
damages. Even after one week, the non-protected inradlated mice continued to 
demonstrate redness and skin initation whereas none of the thylakoid extract 
20 treated mice demonstrated these symptoms. 

The thylakoid extract clearly exerted a protective effect against 
Inflammation induced by UV-lrradiation of exposed mouse skin. It lowers the level 
of the pro-Inflammatory cytokine TNF-a in irradiated mouse skin to a non- 
Irradiated level. 



Evaluation of thylakoid extract on the physical parameters of Inflammation In rat 
Intestine 
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Inflammatory Bowel Disease (IBD) is a term used to describe a 
collection of diseases that involve the bowel and ate characterized by the 
production of chronic inflammation and at times ulceration in the small or large 
bowel. IBD is genetically detennined by an overactive immune response. A defect 
5 in gut barrier function and/or immune deregulation appears to mediate this 
response (Sartor, 1996). This reflects the importance of balance between 
inflammatory and anti-inflammatory forces, and it correlates clinically with disease 
severity (Dionne et al., 1998). Among other events, TNF-alpha is stimulated and 
massive epithelial cell hyperplasia occurs (Higgins et al., 1999). For example, 

10 Crohn's disease (a particular case of IBD) is associated with increased TNF-alpha 
and other inflammatory cytokine levels (Kmiec, 1998), leading to cytokine 
imbalance. IBD can be stimulated by recognized inflammatory agents such as 
trinitrobenzensulfonic acid (TNBS) through rectal administration of TNBS/ethanol 
enema or dextran sulfate sodium (DSS) in distilled drinking water (Kirsner and 

15 Shorter, 1995). 

Experiment 6. Evaluation of thylakoid extract on the physical parameters of TNBS- 

induced inflammation in rat intestine 

Protocol: 

20 Male Wistar rats (Charies River Laboratories, i\4ontreal) were 

kept in individual cages, at 20"'C and 55% relative humWIty with 12-h light/12-h 
dari< cycle, in a fiacility that met the Canadian Council on Animal Care (C.C.A.C.) 
guidelines. The rats were subjected . to a 24-hour stan/ing period prior to 
inflammatory stress induction. 

25 Three groups of rats were treated in the following manner: 

(Treatment 1) Non-stressed control (n^S); 

(TFeatment-2) Stressed control: 2,4.6-Trinitrobenzenesul1bnic acid (stress agent) 
in the intestinal lumen (n=3); 

(Treatment-3) Intra-peritoneal administration of thylakoid extract (0.05%), in 1 ml 
30 of saline solution (0,9%), 24 and 48 hours prior to administratfon of the stress 
agent in the intestinal lumen (n-3). 

l^wenty-four hours later, the rate were sacrificed and a 10 cm 
excision of the intestine was sampled. Samples were weighed and macroscopic 
colonic damage was scored by the following scale: 



wo 03/004042 PCT/CA02/01009 

-23- 

0 No damage 

1 Localized hyperemia, no ulcers 

2 Ulcerations without hyperemia of bowel wall thickening 

3 Ulceration with inflammation at one site 

5 4 Two or more sites of ulceration/inflammation 

5 Major sites of damage extending more than 1 cm along the length of colon 
6-10 If damage extends more than 2 cm along length of colon, score is 
increased by one for each additional 1 cm 



10 Results 

A 50.0% relative increase in intestine weight was observed in the 
stressed intestine when compared to the thylakoid-protected treatment (Fig. 11). 
Moreover, TNBS colonic damage was reduced from 5.5 to 2.5 (see scoring chart) 
when protected with an intra-peritoneal administration of thylakoW extract (Fig. 
15 12). 

Conclusions 

Intra-peritoneal administration (2 mg/kg) of thylakoid extract has 
the ability to modulate the physical parameters of intestine inflammation by 
20 decreasing Inflammation (weight) of stressed intestine and reducing/eliminating 
macroscopic evidence of hyperemia and ulceration. 

Experiment 7. Evaluation of thylakoid extract on the physical parameters of DSS- 
induced inflammatk)n in rat intestine 
26 • Protocol: 

Male Wistar rats (Charies River Laboratories, Montreal) were 
kept In individual cages, at 20»C and 55% relative humidity with 12-h llght/12-h 
dari< cycle, in a facility that met the Canadian Coundl on Animal Care (C.C.A.C.) 
guidelines. 

30 Four groups of rats were treated in the following manner: 

(Treatment 1) Non-stressed control (n=3); 

(Treatment-2) Stressed control: dextran sulphate sodium (DSS; stress agent) in 
drinking water for a 5<lay period (n=3); 
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(Treatment-3) Control treatment Intra-peiitoneal administration of saline solution 
(0.9%) dally for 5 days (ns3); 

(Treatment-4) Intra-peritoneal administration of thylakoid extract (0.05%) in 1 ml 
saline solution (0.9%) daily for 5 days (n-3). 
5 After the five-day period of treatments, the rats were sacrificed 

and a 10 cm excision of the Intestine was sampled and weighed. 

Results 

DSS caused chronic inflammation of rat Intestine. Intestine 
10 weight increased by 21.4% in the control (treatment-3) when compared to the 
treatment containing 0.05% of thylakoid extract (treatment-4) (Fig. 13). 

Conclusions: / 

Following a 5-day chronic inflammation stress with DSS, 
15 thylakoid extract (2 mg/kg) was able to significantly reduce the physical 
manifestation of rat intestine inflammation. 

Experiment 8. Evaluation of thylakoid extract on the physical parameters of 
can^geenan-lnduced rat foot inflammation (oedema) 
20 Protocol; 

Male Sprague-Dawley rats (250 g), which had fasted overnight 
(18h), received an Intra-peritoneal Injection of thylakoW extract 0.1% (in 1 ml of 
0.9% saline) 1 h prior to subplantar Injection of carrageenan (0.1 ml of 1% 
suspension in 0.9% saline) In the right hind paw. The second dose of thylakoid 
25 extract was administi-ated simultaneously to «ie canageenan Injection (Romay et 
al., 1998). 

Paw thickness was measured flfom venti^l to dorsal surfeces, 
with a dial calliper, Immediately prior to carrageenan Injection and 5 h later. 
Oedema was expressed as the increase In paw thtokness (In mm) measured after 
30 carrageenan Injection and compared to tiie preinjectlon value for the individual 
animals. 



Results 
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Non-protected rat demonstrated a 45.7% increase in foot 
oedema when compared to the thylakoid protected treatment (Fig. 14). 

Conclusions 

5 In a classic carageenan test, thylakoid extract {4 mg/kg) 

protected against the physical manifestation of foot oedema. 

2. Potentiation of anti-inflammatory drugs 

A. In vitro 

10 Bcperiment 9. Evaluation of tiiylakoid extract on tiie potentiation of budesonide in 
alveolar macrophages 
Protocol 

Sprague-Dawley rat alveolar macrophages (cell line NR8383) 
v/ere treated with thylakoid extracts (0%, 0.006%, 0.05%) and/or budesonide (1 
15 nM; corticoid) in both an 18-h pre- and 18-h post-treatinent in the presence of 100 
ng/ml LPS {Salmonella enteritidis; Sigma Chemical Co.) for various time periods 
(24, 48, and 72 h) at 37<*C. IL-10 levels were measured in cell free supematants 
using ELISA kits for rats (Phanningen, San Diego, CA). 

20 Results 

Results demonstrated tiiat thylakoid exti-act stimulated tine 
release of IL-10 when given in pre- and post-treatment to LPS in a synergistic and 
dose-dependent manner in combination with budesonide (Figs 15 and 16). 

25 Conclusions 

These data suggest that tiiylakoid extinct possesses cytokine 
modulation properties and potentiates ttie effect of corticoid anti-inflammatory 
agents. 

BudesonkJe contributes in tiie long terni maintenance of high IL-10 levels, which 
30 provides a better anti-inflammatory effiect. 

B. In vivo 

Experiment 10. Evaluation of thylakoid extinct on tiie potentiation of budesonide in 
mouse ears 
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Mice (BALB/C) were kept in individual cages, at 20"C and 55% 
relative humidity with 12-h light/1 2-h dark cycle, in a fecility that met the Canadian 
Council on Animal Care (C.CAC.) guidelines. The animals were subjected to an 
18-hour starving period prior to treatments. 
5 Three groups of mice were treated in the following manner: 

(Treatment-1) No application of cream (n =3); 
(Treatment-2) Neutral base cream (n =3); 
(Treatment-3) Budesonide (0.1%) In neutral base cream (n =3); 
(T reatment-4) Budesonide (0.01%) in neutral base cream (n =3); 
10 (Treatment-5) Budesonide (0.01%) + thylakoid extract (0.05%) in neutral base 
cream (n - 3). 

All treatments were applied 4 and 8 hours following the 
inflammatory stress (post-treatment) at a dose of 2 pl/cm^. Annnais were kept in 
the daric for the duration of the treatments. 

15 Prior to treatment, mouse ears were subjected to an 

inflammatory stress by a topical application of phortjol 12-myristate 13-acetate 
(TPA) (Sigma Chemicals Co.). 20 nL of TPA (0.2 ng/jiL) in an acetone solution 
was applied (Griswold et al.. 1998). The right ear of each mouse was treated with 
TPA whereas ttie left ear served as the unstressed control. 

20 After 24 hours, Oie mice were sacrificed and a punch of 6 mm in 

diameter of botii the left and right ears was sampled. Ear punch thickness was 
measured by an electronic digital caliper 0.01 mm (Traceable). 

Results: 

25 Budesonide 0.1% (Treatment-3) decreased Vne thickness of 

mouse ear punches by 68.2% when compared to the untreated control 
CTreatifnent-1). Budesonkle 0.01% (Treatment-4) decreased tiiickness by 32.6%. 
When tiiylakold extract 0.05% was co-applied witti budesonkle 0.01% (Treatment- 
5), the decrease in ear punch thk^ness was 51.8% when compared to the 

30 untreated contifol (Treatment-1). Results are presented In Fig. 17. 



Conclusions: 
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Thylakoid extract 0.05% potentiates the effect of budesonide. 
When thylakoid extract was co-applied with budesonide 0.01%, the combined 
effect was equivalent to a dose of budesonide that was 10-tlmes higher (0.1%). 

5 Experiment 1 1 . Evaluation of thylakoid extract on the potentiation of mesalamine 
in rat intestines 

Male Wistar rats (Charles River Laboratories, Montreal) were 
kept in individual cages, at lO'C and 55% relative humidity with 12-h light/12-h 
daric cycle, in a facility that met the Canadian Council on Animal Care (C.C.A.C.) 
10 guidelines. The rats were subjected to a 24-hour starving period prior to 
inflammatory stress induction. 

Four groups of rats were treated in the following manner 
(Treatment-1) Non-stressed control (n=3); 

(Treatment-2) 2,4,6-Trinitrobenzenesulfonic acid (inflammatory agent) in the 
15 intestinal lumen (n=3); 

(Treatment-3) Mesalamine (5-aminosalicyclic acid; NSAID) (57 mg/kg) 
administered directly in the intestinal lumen 24 and 48 hours prior to 
administration of the stress agent (n=3) 

(Treatment-4) Thylakoid extract (0.05%) (2 mg/kg) + mesalamine (57 mg/kg) 
20 administered directly in the intestinal lumen 24 and 48 hours prior to 

administration of the stress agent (n=3). 

Twenty-four hours later, the rats were sacrificed and a 10 cm 

excision of the intestine was sampled. Samples were weighed and macroscopic 

colonic damage was scored by the following scale: 
25 The above results indicate that different types of Inflammatory 

diseases models respond to the' thylakoid extract alone or In combination with 

other anti-Inflammatory agents. 

0 No damage 

1 Localized hyperemia, no ulcers 

30 2 Ulcerations without hyperemia of bowel wall thickening 

3 Ulceration with inflammation at one site 

4 Two or more sites of ulceration/inflammation 

5 Major sites of damage extending more than 1 cm along the length of colon 
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6-10 If damage extends more than 2 cm along length of colon, score is 
Increased by one for each additional 1 cm 



Results 

5 A 19.7% relative increase in intestine weight was observed In the 

mesalamine-protected intestine when compared to the combined protection of 
mesalamine and thylakoid extract (Fig. 18). Moreover, colonic damage was 
reduced from 4.0 to 3.0 (see scoring chart) when thylakoid extract was added to 
mesalamine in the intestinal lumen (Fig. 19). 

10 

Condustons 

The addition 2 mg of thylakoid extract in the intestinal lumen per 
kg animal body weight has tiie ability to complete the effects of mesalamine by 
decreasing inflammation (weight) of stressed intestine and reducing macroscopic 
15 evidence of hyperemia and ulceration. Decreasing the doses of mesalamine 
should confimi that the thylakoid extract potentiates mesalamine-induced effects. 

The above results Indicate that different types of inflammatory 
disease models respond to the thylakoid extract alone or in combination with otfier 
anti-inflammatory agents. In view of Oie foregoing results, the thylakoids extitict is 
20 useful for the treatment of inflammation caused by a diversity of pro-inflammatory 
stimuli or of etiological components. 

Although the present invention has been described hereinabove 
by way of prefen-ed embodiments ttiereof, it can be nwdified, wrthout departing 
from the spirit and nature of the subject invention as defined in the appended 
25 claims. 
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WHAT IS CLAIMED IS; 

1 . The use of a thylakoid extract comprising purified functional photosynthetic 
pigments In their thylakoid membrane environment In the nraking of a medication 

5 for modulating the relative amounts of pro-Inflammatory and anti-inflammatory 
cytokines Induced during inflammation In a subject. 

2. The use of dalm 1, wherein said modulating inflammation results in a 
reduction of inflammation. 



10 



3. The use of claim 1 , wherein said pro-inflammatory cytokines comprise TNF- 
a. 



4. The use of claim 1, wherein said anti-inflammatory cytokines comprise 
15 interieukine-10. 

5. The use of any one of claims 1 to 4, wherein the relative amount of anti- 
inflammatory cytokines is higher. 

20 6. The use of any one of claims 1 to 5, wherein said medication further 
comprises an anti-Inflammatory agent 

7. The use as defined In claim 6, wherein said anti-inflammatory agent is a 
glucocorticoid. 

25 

8. The use as defined in claim 6, wherein said anti-Inflammatory agent is a 
non-steroidal anti-Inflammatory drug (NSAID). 

0. The use as defined In any one of claims 1 to 8, wherein the extract is 
30 present In an amount achieving about 0.00005 to 500 mg per Kg of subject's body 
weight 
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10. The use as defined in any one of cfaims 1 to 8. wherein the extract is 
present in an amount achieving about 0.05 to 5 mg per Kg of subject's body 
weight. 

5 11. The use as defined In any one of claims 1 to 8. wherein the medication Is 
topical. 

12. The use of claim 11, wherein said medication comprises Is about 0.1 pg to 
1 mg of extract per cm^ of surface of subject's skin or mucosae. 

10 

13. The use of claim 11. wherein said medication comprises about 1 pg to 200 
pg of extract per cm^ of surface of subject's skin or mucosae. 

14. A composition to inhibit the expression of inflammation in a subject, 
15 comprising an effective amount of an anti-inflammatory agent and effective 

amount of a thylakoid extract comprising purified functional photosynthetic 
pigments in their thylakoid membrane environment. 

15. The composition of claim 14, wherein said anti-inflammatory agent is a 
20 glucocorticoid. 

16. The composition of claim 14, wherein said anti-inflammatory agent is a non- 
steroidal anti-Inflammatory drug (NSAID). 

25 1 7. The composition of claim 14, 1 5 or 1 6 which is topical. 

18. The composition of claim 17, wherein said effective amount of extract is 
about 0.1 pg to 1 mg per cm^ of surface of subject's skin or mucosae. 

30 19. The composition of claim 17, wherein said effective amount of extract is 
about 1 pg to 200 pg per cm^ of subjecf s surfoce of skin or mucosae. 

20. The composition of claim 14, 15 or 16, wherein said effactive amount of 
extract is about 0.00005 to 500 mg per Kg of subject's body weight 
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21. The composition of dalm 14, 15 or 16, wherein said effective amount of 
extract is about 0.05 to 5 mg per Kg of subject's body weight. 
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